###### Strengths and limitations of this study

-   This is the first study to estimate the health and economic burden of gestational diabetes mellitus (GDM) in China.

-   A conservative approach was adopted by including in the analyses only the most common GDM complications and the costs related to the last trimester of pregnancy.

-   We relied on different sources for probabilities and costs based on the literature and expert opinion rather than data from real cases.

-   We assumed that all pregnant women received standard medical treatments recommended in the Chinese GDM guidelines.

-   In order to extend our results to a national level, the costs of medical treatments obtained from the literature and the Chinese Price Bureaus were adjusted by calculating average unit prices taking into consideration the different expenses for different levels of healthcare institutions.

Introduction {#s1}
============

Gestational diabetes mellitus (GDM) is a health condition in which women without previously diagnosed diabetes exhibit high blood glucose levels during pregnancy.[@R1] If not adequately managed, GDM may lead to serious adverse health outcomes during pregnancy and delivery,[@R2] and in the long term as both mothers and newborn babies are more likely to develop type 2 diabetes mellitus, and babies are more likely to become obese later on in life.[@R3]

GDM affects 9.8%--25.5% of pregnancies throughout the world.[@R5] The International Diabetes Federation estimates that 16.8% of pregnant women have some form of hyperglycaemia during pregnancy, with the majority (84%) due to GDM.[@R6] According to a recent nationwide study in China that included 13 hospitals and 17 186 pregnant women,[@R7] the GDM incidence rate was approximately 17.5%, based on the International Association of the Diabetes and Pregnancy Study Groups criteria.[@R5] In 2015, China's population was approximately 1.37 billion people, and the annual pregnancy rate was 12.08 births per thousand individuals.[@R8] Therefore, China had a total of 16.5 million pregnancies, and 2.90 million pregnant women suffered from GDM.

The aim of this study was to assess the short-term health and economic burden of GDM in China in 2015. Almost all of the GDM cases were diagnosed by the 28th gestational week; therefore, we estimated the incremental direct medical costs and the health loss due to GDM in comparison with a pregnancy without GDM from the 28th gestational week until childbirth. These differences in costs and health loss were then applied to the entire Chinese population to estimate the national burden of GDM. Neither postpartum nor longer term consequences (eg, eventual development of type 2 diabetes) were taken into consideration, as data were not available from the literature.

Methods {#s2}
=======

A model was built in TreeAge Pro 2015. Three submodels represented the cost of: (1) the GDM diagnosis and treatment ([figure 1](#F1){ref-type="fig"}), (2) the maternal complications ([figure 2](#F2){ref-type="fig"}) and (3) the neonatal complications ([figure 3](#F3){ref-type="fig"}). Maternal and neonatal complications were selected according to published literature and expert opinions. Probabilities and costs related to each branch of the model were collected from the literature, clinical recommendations and price guidelines, and confirmed by a panel of hospital practitioners (gynaecologists, nutritionists, paediatricians and endocrinologist). Costs included expenses for outpatient physician visits, GDM screening, diet and exercise consulting, drugs, medical tests and supplies, and expenses for hospitalisation (eg, caesarean section and neonatal intensive care unit (NICU) admission) and rehabilitation centre (eg, brachial plexus training).[@R10] The unit prices of the GDM diagnosis and various medical treatments were obtained from the Chinese Price Bureaus in seven provinces representing seven regions of China: Northern China (Beijing), Eastern China (Zhejiang), Southern China (Guangdong), Central China (Hunan), Northwestern China (Shanxi), Southwestern China (Chongqing) and Tibet. An average unit price was calculated considering different expenses for the different levels of medical institutions (eg, township/second-class/third-class hospital).[@R12] All the costs obtained from the literature were converted into 2015 prices according to inflation rates published by the China National Bureau of Statistics.[@R13] Costs were not discounted, as the time horizon was shorter than 1 year. Finally, the results were applied at the national level to estimate the overall GDM burden. Deterministic and probabilistic sensitivity analyses were conducted to confirm the robustness of results. Quality-of-life losses, expressed in quality-adjusted life years (QALY), were calculated to estimate the health burden caused by GDM for mothers; a QALY estimate was not possible for infants due to the lack of data. Given that human subjects were not directly involved, this study did not require approval by an institutional review board.

![GDM diagnosis and treatment model. This figure shows the generic framework of GDM screening path as recommended by Chinese guidelines. Circles represent chance events, while triangles represent terminal nodes. The symbol '\#' indicates that the probabilities of that branch are complementary with that of the other one. GDM, gestational diabetes mellitus; OGTT, oral glucose tolerance test.](bmjopen-2017-018893f01){#F1}

![Maternal complications model. This figure shows the mother complications model, which has the same structure for both gestational diabetes mellitus and Euglycaemia branches. The symbol '\#' indicates that the probabilities of that branch are complementary with that of the other one. Circles represent chance events, while triangles represent terminal nodes. Lines that do not terminate in a triangle are collapsed to facilitate display and are analogous to branches that are open.](bmjopen-2017-018893f02){#F2}

![Neonatal complications model. This figure shows the neonatal complications model, which has the same structure for both gestational diabetes mellitus and Euglycaemia branches. Circles represent chance events, while triangles represent terminal nodes.](bmjopen-2017-018893f03){#F3}

Results {#s3}
=======

Diagnosis and treatment model {#s3a}
-----------------------------

According to the most recent Chinese GDM guidelines,[@R14] all women who have not been diagnosed with diabetes should take the 75 g oral glucose tolerance test (OGTT) between the 24th and 28th weeks of pregnancy. In our model ([figure 1](#F1){ref-type="fig"}), for simplicity, we started from the 28th week. Women with negative OGTT tests entered the Euglycaemia branch, and those with positive OGTT test entered the GDM branch.

Women diagnosed with GDM in China first receive 1 week of lifestyle interventions (including diet, exercise and health education) and in 80% of cases the interventions successfully controlled blood glucose levels.[@R15] When this was not enough (20% of cases), an additional insulin medication was prescribed.[@R14] All of the pregnant women with a GDM diagnosis entered the GDM branch, independently from the way they controlled the disease (lifestyle interventions only or additional insulin).

The 80% of women who managed GDM with only lifestyle interventions until the end of their pregnancy spent on average ¥3118.14 per person; the 20% who relied on insulin to control their glucose level needed additional medications and examinations, for a total expense equal to ¥9875.74 per person ([table 1](#T1){ref-type="table"}).

###### 

Input parameters: probabilities and costs (¥)

  Diagnosis and treatment model[@R12]                                                                                                                                                               
  --------------------------------------------------------- ------ ---------------------------------------- ---------------------------------------- ---------------------------- ------- --------- ---------
  Oral glucose tolerance test                               Once   Once a week                              Once a week                              35.43                        35.43   425.16    425.16
  Venous blood collection                                   Once   Once a week                              Once a week                              2.4                          2.4     28.8      28.8
  Obstetric and gynaecologist outpatient registration fee   Once   Once a week                              Once a week                              1.91                         1.91    22.92     22.92
  Examination fee                                           Once   Once the first week+three times a week   Once the first week+three times a week   8.43                         8.43    286.62    286.62
  First consultation fee                                           Once                                     Once                                     23                                   23        23
  Nutrition outpatient registration fee                            Twice a week                             Twice a week                             1.91                                 45.84     45.84
  Glucometer and self-testing kit                                  Yes                                      Yes                                      Monitor=190, strips=5 each           730       730
  Laboratory fees (urine, glycosylated albumin)                    Once a week                              Once a week                              70.79                                849.48    849.48
  Fetal heart and B ultrasound                                     Once a week                              Once a week                              58.86                                706.32    706.32
  Routine blood test                                                                                        Once a week                              20.75                                          207.5
  Insulin shot                                                                                              Three times a day                        30                                             6300
  Endocrinology outpatient registration fee                                                                 Once a week                              1.91                                           19.1
  Doppler ultrasound                                                                                        Twice                                    115.5                                          231
  Total                                                                                                                                                                           48.17   3118.14   9875.74

  Maternal complications model---probabilities and costs                                              
  -------------------------------------------------------- -- -------- ------- ------ ------ -------- --------
  Caesarean section                                           38.64            30.3   8.34   6174     [@R35]
  Fetal distress in uterus                                    9.26             6.48   2.78   3994     [@R36]
  Maternal infection                                          5.67             2.7    2.97   512.01   [@R41]
  Hypertensive disorders of pregnancy                         10.63            7.11   3.52            [@R35]
   Mild PIH                                                            84.2                  53        
   Pre-eclampsia                                                       15.7                            
   Successfully treated                                                99.9                  6762      
   Severe pre-eclampsia                                                0.1                             
   Successfully treated                                                99.99                 8939      
   Maternal death                                                      0.01                  8939      
  Polyhydramnios                                              *9.83*           3.78   6.04   3994     [@R35]
  Postpartum haemorrhage                                      *8.32*           4.28   4.04            [@R35]
   Successfully treated                                                99.75                 7610      
   Surgical treatment                                                  0.24                  15 939    
   Maternal death                                                      0.01                  8939      
  Premature birth                                             6.35             2.47   3.88   2943     [@R35]

  Neonatal complications model---probabilities and costs                                            
  -------------------------------------------------------- -- ------ ------ ------ ------ --------- --------
  Premature infant (NICU)                                     6.35          2.47   3.88   2536      [@R35]
  Neonatal respiratory distress syndrome (NICU)               5.9           4.03   1.87   32 480    [@R35]
  Macrosomia                                                  8.7           6.31   2.39   3675.56   [@R36]
   Shoulder dystocia                                                 14.5                 3578       
   Brachial plexus injury                                     --     18                   7316       
  Neonatal asphyxia (NICU)                                    3.78          1.27   2.52   6652.44   [@R36]
   Mild                                                              53                   6064       
   Neonatal encephalopathy                                           47                   7316       
  Neonatal hypoglycaemia (NICU)                               6             0.86   5.14   3578      [@R42]
  Neonatal hyperbilirubinaemia NICU                           1.8           0.9    0.9    3504      [@R39]

GDM, gestational diabetes mellitus; NICU, neonatal intensive care unit; PIH, pregnancy-induced hypertension.

Summing these costs, weighted for the types of treatments provided (80% lifestyle interventions only, 20% additional insulin), the costs of diagnosis and treatment was equal to ¥4469.66 per GDM case. The costs of diagnosis and treatment for Euglycaemia, which included the OGTT and other recommended visits regardless of GDM status, were equal to ¥48.17. Therefore, the extra burden due to GDM for diagnosis and treatment was equal to the difference between GDM and Euglycaemia women (¥4421.49 per case).

Maternal complications model {#s3b}
----------------------------

Maternal complications included in the model are represented in [figure 2](#F2){ref-type="fig"}. The costs and probabilities associated with the adverse health outcomes are listed in [table 1](#T1){ref-type="table"}. Due to the lack of data on probabilities of the two types of delivery (vaginal or caesarean section) after different complications (eg, fetal distress in uterus), we assumed all branches as independent events ending up with the same probabilities of facing either a caesarean section or a vaginal delivery. The difference was only by GDM status (eg, caesarean section 38% in case of GDM, 30.3% in case of Euglycaemia).

The cost assigned to vaginal delivery was equal to ¥3275.39.[@R16] All births following the possible complications were classified as vaginal or caesarean section; however, a caesarean section was considered an additional complication independent of complications prior to birth. The probability of not having any complication was obtained by subtracting the sum of the other probabilities from 1. The costs of maternal complications were on average ¥5253.57 in Euglycaemia cases and ¥6594.51 in GDM cases, with a cost difference of ¥1340.94 (+26%).

Neonatal complications model {#s3c}
----------------------------

Neonatal complications are represented in [figure 3](#F3){ref-type="fig"}. A few rare neonatal complications (ie, abnormal fetus) were excluded, as cost data were not available from the literature. We did not include macrosomia, one of the most common consequences of GDM, because we could not determine a direct medical cost for it, but only for its consequences (eg, brachial plexus injury).

Related costs and probabilities of the adverse health outcomes are listed in [table 1](#T1){ref-type="table"}. The probabilities of having a newborn with and without complications summed to 100%. Costs were not assigned to newborns without complications, on the assumption that this should be included in the mother's normal delivery expenses.

The costs of neonatal complications were on average ¥1755.57 in Euglycaemia cases and ¥2670.51 in GDM cases, resulting in a cost difference of ¥914.94 (+52%).

Overall costs {#s3d}
-------------

On average, women with GDM spent ¥6677.37 (equal to 2015 international \$1929.87 (1 international \$=¥3.46)[@R17] more (+95%) than women without GDM, due to additional expenses during both pregnancy and delivery.

Therefore, given the 2.90 million women affected by GDM in China, the annual economic burden of GDM in 2015 equalled ¥19.36 billion (international \$5.59 billion).

Sensitivity analyses {#s3e}
--------------------

In order to quantify the uncertainty, we performed both a deterministic analysis and a probabilistic sensitivity analysis. In the deterministic sensitivity analysis (tornado diagrams, online [supplementary appendix figure 1](#SP1){ref-type="supplementary-material"}), we applied a ±20% variation to all costs and major probabilities of each submodel to determine which input variables had the largest impact on the outcomes and thereby had a large impact on the overall results. The variables with the largest impact on the final costs were insulin in the diagnosis and treatment model, caesarean section in the maternal complications model and respiratory distress syndrome, which included admission to the intensive care unit, in the neonatal complications model. The variation of all the other costs had a minor impact on the final outcomes.
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In the probabilistic sensitivity analysis (Monte Carlo simulation, online [supplementary appendix figure 2](#SP2){ref-type="supplementary-material"}) for the maternal and neonatal complications models, we applied a ±20% variation to all costs, modelled using a gamma distribution.[@R18] The possible outcomes of the simulation ranged around the results from the base case; the overall results were shown to be robust.

10.1136/bmjopen-2017-018893.supp2

Utilities {#s3f}
---------

In addition to the costs, we also calculated the health-related quality-of-life loss due to GDM ([table 2](#T2){ref-type="table"}).

###### 

Gestational diabetes mellitus-related health loss

  Health outcome           Quality adjusted-life years (1 year)   Reference   Health loss (3 months)   Probability (%)   Women (n)    Total health loss (3 months)
  ------------------------ -------------------------------------- ----------- ------------------------ ----------------- ------------ ------------------------------
  Maternal diabetes        0.65                                   [@R43]      0.0875                   17.5              2 887 500    252 656
  Insulin injection        0.96                                   [@R44]      0.01                     0.2×17.5          577 500      5775
  Preterm birth            0.99                                   [@R43]      0.0025                   0.0388× 17.5      112 035      280
  Caesarean section        0.99                                   [@R45]      0.0025                   0.0861×17.5       248 613.75   621
  Hypertensive disorders   0.9625                                 [@R46]      0.0094                   0.0352×17.5       101 640      953
  Total                                                                                                                               260 285

Given the lack of published studies with neonatal utilities in China, we considered only mother-related events. Each adverse health event had a utility value expressed in QALY (eg, 0.65 QALY in case of maternal diabetes). We calculated the difference between this value and 1 QALY, which corresponds to the full health status (following the example of maternal diabetes, 1--0.65=0.35 QALY). Since QALYs were based on 1 year, we divided this amount by 4 to take into consideration the health loss of only 3 months. This was the time horizon in this study (0.35/4=0.0875 QALY). We then multiplied the 3-month health loss with the appropriate probabilities of occurrence corresponding to the entire population suffering from GDM (2.9 million women) in the case of 'maternal diabetes', 20% of those (577 000 women) in the case of 'insulin injection' and the number of women with GDM weighted by the difference in probability between GDM and non-GDM for 'preterm birth', 'caesarean section' and 'hypertensive disorders,' on the assumption that these adverse health events may occur even in non-GDM pregnancies. For example, the probability of having a preterm birth was 6.35% for GDM women and 3.47% for non-GDM women (3.88% difference). Therefore, the preterm birth health loss due to GDM was calculated as 0.0025 QALY (3-month health loss) multiplied by 112 000 women (2.9 million×3.88%). The total incremental health loss due to GDM in China was equal to 260 000 QALYs.

Discussion {#s4}
==========

GDM prevalence is increasing worldwide with serious consequences for mothers and their babies.[@R2] The importance of GDM as a priority for maternal health and its impact in the long term for communicable diseases has been established; however, a consensus on how to prevent, diagnose and manage GDM in order to optimise healthcare and minimise adverse outcomes has not been reached.[@R19] For example, although IADPSG criteria are internationally well accepted and adopted by some Asian countries, they are not consistently implemented, especially in low-resource settings[@R20]; therefore; having harmonised data to compare studies from different countries remains a challenge.

Principal findings {#s4a}
------------------

To our best knowledge, this is the first study to estimate the economic burden of GDM in China. More at-risk births are expected in the near future due to the increasing prevalence of overweight/obese women and older age at pregnancy in China.[@R21] Moreover, in early 2016, the Chinese government officialised the end of the one-child policy; therefore, prevalence of GDM cases are likely to increase given that a previous pregnancy with GDM is a well-established risk factor for GDM in subsequent pregnancies.[@R6] Adding an economic point of view to the GDM burden estimation may help to increase social awareness and to develop national health policies. The cost analysis showed that the economic burden of gestational diabetes in pregnancy may be substantial, even when limiting the analysis to only short-term effects. According to our findings, the total burden due to GDM in 2015 was estimated at ¥19.36 billion (international \$5.59 billion), which is equal to 0.5% of the entire public expenditure for medical, healthcare and family planning in China in 2015.[@R23] GDM lifestyle interventions, including diet, exercise and health education, were very effective. In 80% of cases, interventions were shown to significantly reduce GDM complications and their final costs, and only 20% of women with GDM needed additional medications.[@R15] However, the costs among the 20% of women with GDM requiring additional medications were more than three times higher (¥3118.14 vs ¥9875.74), due to the price of insulin, which had the greatest impact on the final cost of diagnosis and treatment.

Finally, due to different GDM-associated adverse events during both pregnancy and delivery, when only accounting for maternal consequences, around 260 000 QALYs were lost over a 3-month period. To quantify the magnitude of this loss, the health loss due to GDM was about 1/4 of 1 180 260 QALYs loss caused by squamous cell carcinoma (one lung cancer type) or 1/18 of QALYs loss caused by all types of lung cancers in China.[@R25]

Comparison with other studies {#s4b}
-----------------------------

Our study was based on the Chinese healthcare system. Studies from Australia,[@R27] Finland[@R28] and the USA[@R3] reported that the mean difference in healthcare costs between a normal pregnancy and women diagnosed with GDM is about \$462.02 (\$A650), \$1438 (€1289) and \$15 593; respectively; however, comparing these findings from high-income countries with this study in China might not be straightforward considering the different nature of healthcare systems between countries.

Strengths and weaknesses {#s4c}
------------------------

A strength of this study was the conservative approach we adopted. For simplicity, we only included costs from after the 28th week of pregnancy, but GDM could be diagnosed at the 24th week or even earlier in severe cases.[@R29] Moreover, minor GDM complications, such as abnormal fetus or hyaline membrane disease, were excluded as there were no clinical studies to provide probabilities and costs in China. Furthermore, we did not include the price of food substitutions in case of a change in diet to control GDM. Finally, we considered only insulin as a drug cost, disregarding other medications that might be prescribed.

The first limitation of this study was that we relied on several different sources for probabilities and costs. Some of those were based on local literature and confirmed by expert panels; however, experts might rely on personal experiences. Second, due to the lack of data in the maternal model we assumed the same probabilities of having a caesarean section or a vaginal delivery after every event, differentiating only by GDM status, while in a real-life setting this would not be the case (eg, caesarean section might be more likely than vaginal delivery in case of fetal distress in uterus). Nevertheless, several scenario analyses with different probabilities confirmed that there was not a major impact on the final outcome.

Third, we assumed that all women followed exactly the clinical pathways and were fully compliant, which might not always be the case. However, it could be assumed that non-compliant behaviour would increase the health and economic burden of GDM as the health consequences of uncontrolled GDM were higher. Finally, we could not estimate the percentage of out-of-pocket expenses that were paid by each individual mother.

Public health implications {#s4d}
--------------------------

In China, maternity insurance to cover expenses during pregnancy and delivery is not included in regular health insurance and is only used by employed women.[@R30] Unemployed women living in rural areas are covered by the subsidies of the newly cooperative medicine scheme (NCMS). The purpose of these subsidies is the same as the maternity insurance: to provide basic economic and health aids to pregnant women. Both maternity insurance and subsidies reimburse a lump sum amount per pregnancy and delivery (vaginal delivery or caesarean section). Unfortunately, there are huge variations between the two types of coverage and, in general, for the specific amounts received within the country, the maternity insurance normally pays approximately ¥3000, while subsidies from NCMS in the rural areas are approximately ¥500--1000.[@R30] However, in both cases, the actual pregnancy and delivery expenses are much more than the amount covered by maternity insurances or subsidies. GDM is not reimbursed separately by any insurance or subsidies, so a large portion of the GDM burden falls on women and their families. According to You *et al*,[@R32] 60% of the cost of deliveries in China were paid out of pocket, a share that did not significantly change after the introduction of the insurance system. This is even worse for the low-income group where, given an average income equal to ¥4747,[@R33] paying ¥10965 for GDM antenatal and delivery cost is not sustainable and could enter the area of the catastrophic healthcare expenditure.[@R34]

Unanswered questions and future research {#s4e}
----------------------------------------

In China, the increase of GDM incidence has led to significant economic burden and deserves more attention and awareness. Our study showed the magnitude of the problem, and cost-effective GDM prevention treatments are needed to reduce GDM morbidities, complications from GDM and the consequent economic burden that affects society, households and individuals in China.
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